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ATHEROSCLEROTIC DISEASE OF THE AORTIC ARCH AS A RISK FACTOR FOR RECURRENT 

ISCHEMIC STROKE 

The French Study of Aortic Plaques in Stroke Group* 



Abstract Background. Atherosclerotic disease of the 
aortic arch is found in 60 percent of patients 60 years 
of age or older who have had brain infarction. The aim 
of this study was to determine whether atherosclerotic 
plaques in the aortic arch are a risk factor for recurrent 
brain infarction and for vascular events in general (i.e., 
brain infarction, myocardial infarction, peripheral embo- 
lism, and death from vascular causes). 

Methods. For a period of two to four years, we fol- 
lowed a cohort of 331 patients 60 years of age or older 
who were consecutively admitted to the hospital with 
brain infarction (a total of 788 person-years of follow-up). 
All patients underwent transesophageal echocardiogra- 
phy to determine whether atherosclerotic plaques were 
present in the aortic arch proximal to the ostium of the left 
subclavian artery. The patients were divided into three 
groups according to the thickness of the wall of the aortic 
arch (<1 mm, 1 to 3.9 mm, and 2*4 mm). 

Results. The incidence of recurrent brain infarction 
was 11.9 per 100 person-years in patients with an aor- 

IN the past few years, evidence has accumulated that 
atherosclerotic disease of the aortic arch may be a 
source of cerebral emboli. 110 We previously found that 
the prevalence of ulcerated plaques in the aortic arch at 
autopsy increased with age and was independendy as- 
sociated with brain infarction of unknown cause. 11 We 
and others then found a strong association between 
protruding plaques in the aortic arch detected by trans- 
esophageal echocardiography and the risk of ischemic 
stroke.* 10 ' 12 ' 13 Plaques located proximal to the ostium of 
the left subclavian artery have been found in 60 percent 
of patients 60 years of age or older with ischemic 
stroke, but the association with ischemic stroke was 
particularly strong when the plaques were s*4 mm in 
thickness. 12 Tunick et al. 14 found an annual rate of vas- 
cular events of 33 percent in patients who had pro- 
truding plaques 2*5 mm thick in the thoracic aorta, as 
compared with 7 percent in matched control subjects. 
However, they considered plaques in the entire thorac- 
ic aorta, not just in the aortic arch, and the incidence 
of brain and retinal emboli was not significantly differ- 
ent between the two groups (seven events in the pa- 
tients vs. three in the controls). 14 

We followed a series of patients consecutively admit- 
ted to the hospital with brain infarction. All of them un- 
derwent transesophageal echocardiography within 15 
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Hopttal Saim-Antome, 184. rue du Faubourg SL-Amoine, 75571 Paris CEDEX 
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As the principal investigator. Dr. Amarenco assumes full responsibility for the 
overall content of the article. 

The institutions and investigators in the French Study of Aortic Plaques in 
Stroke Group are listed in the Appendix. 



tic-wall thickness of >4 mm, as compared with 3.5 
per 100 person-years in patients with a wall thickness of 
1 to 3.9 mm and 2.8 per 100 person-years in patients 
with a wall thickness of <1 mm (P<0.001). The overall 
incidence of vascular events was 26.0, 9.1, and 5.9 per 
100 person-years of follow-up in the respective groups 
(P<0.001). After adjustment for the presence of carot- 
id stenosis, atrial fibrillation, peripheral arterial disease, 
and other risk factors, aortic plaques s*4 mm thick (in- 
cluding the thickness of the aortic wall) were found 
to be independent predictors of recurrent brain infarc- 
tion (relative risk, 3.8; 95 percent confidence interval, 
1.8 to 7.8; P = 0.0012) and of all vascular events (rela- 
tive risk, 3.5; 95 percent confidence interval, 2.1 to 5.9: 
P<0.001). 

Conclusions. Atherosclerotic plaques ^4 mm thick in 
the aortic arch are significant predictors of recurrent brain 
infarction and other vascular events. (N Engl J Med 1996* 
334:1216-21.) 

©1996, Massachusetts Medical Society. 

days after the qualifying brain infarction to detect 
plaques in the aortic arch. The aim was to determine 
the risk of recurrent brain infarction and of vascular 
events in general (recurrent brain infarction, myocar- 
dial infarction, peripheral embolism, and death from 
vascular causes) in patients with plaques in the aortic 
arch that were ^4 mm thick (including the thickness of 
the aortic wall) as compared with patients with smaller 
plaques or no plaques. 

Methods 



Patients 

Patients 60 years of age or older with brain infarction who were 
hospitalized consecutively between September 1991 and October 
1993 were enrolled in the study. Information was recorded about ar- 
terial hypertension, hypercholesterolemia, cigarette smoking, diabetes 
melhtus, body-mass index, previous myocardial infarction, previous 
brain infarction, previous transient ischemic attacks, peripheral vas- 
cular disease, and previously detected atrial fibrillation or atrial fibril- 
lation recorded within eight days after the detection of the qualifying 
brain infarction. Within 15 days after the onset of the stroke, the pa- 
tients underwent cranial computed tomography, magnetic resonance 
imaging of the brain, or both; ultrasound examination of the internal 
carotid and vertebral arteries (according to a standard protocol); 
transcranial Doppler examination; 12-lead electrocardiography; and 
transesophageal echocardiography, including an assessment of the 
thoracic aorta. Patients considered to have brain infarction of un- 
known cause had no detectable cause of stroke or had conditions that 
have not been shown to increase the risk of brain infarction in per- 
sons older than 60 years, such as ipsilateral carotid stenosis of 30 per- 
cent or less, patent foramen ovale, atrial septal aneurvsm, or mitral- 
valve prolapse. 

Three hundred thirty-five patients were enrolled in the study, but 
four were immediately lost to follow-up. Three hundred thirty-one pa- 
tients were therefore followed, 102 of whom had brain infarction of 
unknown cause. The patients received standard medical therapy from 
their physicians for the secondary prevention of stroke and other vas- 
cular events. For antithrombotic therapy, patients with a quakfying 
brain infarction of known cause received the recommended treatment 
for secondary prevention (e.g.; antiplatelet therapy if thev had a stroke 
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related to atherosclerosis and oral anricoagu- 
£ *erapy if they had atrial fibnUaoon or 
another definite cardiac or arterial source of 
embolism). Patients were either examined .* 
Sstonce a year in an outpatient t dime (46 
oercent of patients) or interviewed by tele- 
^honT(54 percent). In the latter case,£amdy 
members orthe personal physicians were also 
interviewed. We recorded new vascular events 
on follow-up- Brain infarction was recorded il 
there were new focal symptoms lasting more 
than 48 hours. Computed tomography was 
performed in 78 percent of pauents with 
new symptoms, and a neurologic examination 
showed new focal deficits in 94 percent of 
them. We also recorded symptomatic retinal- 
artery occlusion, myocardial infarction (med- 
ical records were obtained in 75 percent oi 
these cases), peripheral embolism (including 
documented lower-limb embolism or acute leg 
ischemia treated by amputation, acute renal 
failure, bowel infarction, and blue-toe syn- 
drome), and death from vascular causes (in- 
cluding sudden death). Cerebral transient is- 
chemic attacks and angina pectoris were not 
classified as new vascular events. We also 
recorded other nonvascular events and all 
deaths. 




Age — yr 

Female sex — no. (*) 
Body-mass index* 
High blood pressure — no. (%) 
Diabetes meUitus — no. (%) 
High serum cholesterol — no. (%) 
Cigarette smoking — no. (%) 
Previous brain infarction or 

attack — no. (%) 
previous myocardial infarction — no. (%) 
Peripheral arterial disease — no. (%) 
Atrial fibrillation — no. (%) 
Carotid stenosis — no. (%) 

«s30% 

31-69% 

2*70% 

Distal-arch plaque thickness — no. (%) 
<1 nun 
1-3.9 mm 
2*4 mm 

Descending-aorta plaque thickness — no. (%) 
<1 nun 
1-3.9 mm 
2*4 nun 

Treatment since brain infarction at entry 
— no. (%) 
Antiplatelet 
Antico a gulant 
Neither 



Transesophageal Echocardiography of 
the Aorta 

Transesophageal echocardiography was per- 
formed as previously described" by experi- 
enced cardiologists who had no informauon 
about the underlying causes of the brain in- 
farction. Videotapes of the transesophageal 
examinations of the 331 patients were re- 
viewed by a senior echocardiographer accord- 
ing to a protocol that we have described pre- 
viously. 12 The tapes were reviewed in random 
order, and the echocardiographer was un- 
aware of the causes of the brain infarctions. 
We had previously found very good interob- 
server agreement ina review of 100 randoinly 
selected echocardiograms by two echocardiographers. The wall 
trlc^ w^S the descending aorta, distal 
arch, and ascending aorta, and the thickest lesion was meaWa^ 
each level. Since the ascending part of the aorta and proximal 
arch are the regions that are most likely to be sources of cerebral em- 
S w7 po^ledlhe lesions located in these two regions of the thoracic 
aorta. wTdivided the patients into three groups accordmgto the 
thickness of the wall of the ascending aorta or proximal arch.no 
plaques (wall thickness, <1 mm), plaques 1 to 3.9 mm thick, and 
plaques >4 mm thick. 

Statistical Analysis 

We used two-tailed t-tests and analysis of variance for comparisons 
of means, and chi-square tests for comparisons of proportions . The 
of new events was expressed 1 W ^ n ^l^„ 
up We used the Kaplan-Meier method to estimate the distribution 
oT'tTe "tents-lSplan-Meier curves were compared wi^ use of 
the log-rank test and the Mantd-Co^ test for tfend. We ^*«n con- 
structed a Cox model including age (60 to 67, 68 to ^ "^ or 
>80 years), sex, cigarette-smoking status, peripheral artenal disease, 
T^Suion, ca^tid stenosis (^30, 31 to 69, or >70 perc^, 
aortic-arch plaques (<1, 1 to 3.9, or >4 mm m and treat- 

ment. We used this model to look for significant predictors of re- 
current brain infarction and all vascular events and to ^culate^ 
relative risks adjusted for the presence of 
Lation, peripheral arterial disease, and other 

The Cox model was constructed by entering independent variables 



743±7.9 
71 (49.7) 
25.85±3.98 
99(69.2) 
26 (1W) 
38 (26.6) 
57 (39.9) 
30(21-0) 

12 (8.4) 
10 (7.0) 
44(30.8) 

115 (81.0)§ 
14 (9.9)§ 

13 (9.1)§ 

64(44.8) 
73(51.0) 
6(4.2) 

12 (8.4) 
113(79.0) 
18 (12.6) 



T7.2±7.4 
79 (55-2) 
24.47±4.49 
85(59.4) 
23(16.1) 
49(343) 
51 (35.7) 
-23 (16.1) 

14(9.8) 
13 (9.1) 
42 (29.4) 

95 (66.4) 
22 (15.4) 
26 (18.2) 

5(33) 
123 (86.0) 
15 (103) 

1 (0.7)§ 
105 (73.9)§ 
36 (25.4)§ 



78.0±7.8 
25 (55.6) 
24.77*4.16 
33(73-3) 
10(223) 
15 (333) 
26(57.8) 
10(223) 

4(8.9) 
11(24.4) 
6 (133) 

28(6X2) 
11 (24.4) 
6 (133) 

1(23)1 
8 (18.2)1 
35 (793)1 

01 

18 (40.9)1 
26 (59.1)1 



0.001 

0392 

0.059 

0.109 

0.637 

0343 

0.03 

0.483 

0.918 
0.003 
0.064 



0.015 
0.081 



<0.001 



<0.001 



90(62.9) 

26 (18.2) 

27 (18.9) 



97 (67.8) 
26 (18.2) 
20 (14.0) 



24 (53.3) 
9(20.0) 
12 (26.7) 



0346 



•phrs-mmuj values tic means -SD. 

tP values refer to comparisons between the ^^^^^^^^^tariW. 102, tnd 

jDefocd as the weight in kDogr^<lrvkledby the so^ of the b 
31of^P«icms ^T<l.nm. l^o-3.9Hnm. and >4-nnn groups, respectively. 
*Data are based on the study of 142 patients. 
jDitt ire based on the study of 44 patients. 

into the model whose coefficients were statistically significant at the 
0 0 M and by removing variables whose coefficients were not sig- 
nificant at the 0.15 level. The data were analyzed with SAS and 
BMDP statistical software. 1 *- 16 

RESULTS 

Among the 331 patients in the study, we Muriel 143 
with no plaques (wall thickness, <1 mm), 143 with 
IquL 1*3.9 mm in thickness, and 45 with plaques 
U mm in thickness in the aortic arch (proximal to 
the ostium of the left subclavian artery). As shown in 
Table 1, patients with plaques >4 mm in thickness 
were older and were more likely to be cigarette smok- 
ers and to have peripheral arterial disease or carotid 
stenosis of more than 30 percent than were : patients 
with l-to-3.9.mm plaques or no plaques, but tiiey were 
less likely to have atrial fibrillation. No significant dif- 
ference was found in the prevalence of carotid stenosis 
of >70 percent. . r , 

The mean follow-up was 2.4 years, with a tota^ fol- 
low-up of 788 person-years. Eighty-two percent of the 
patients received antithrombotic therapy (64 percent 
received an antiplatelet drug and 18 percent an antico- 
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agulant); most of the remaining 18 percent had con- 
traindications to antithrombotic therapy. Patients with 
a mobile lesion in the aortic arch received warfarin for 
one to three months and aspirin thereafter. Five pa- 
tients underwent carotid endarterectomy. There were 
no significant differences among the three groups in 
the proportions of patients given antiplatelet, anticoag- 
ulant, or no therapy (Table 1). The numbers of new 
events and the rates of events per 100 person-years are 
shown according to plaque thickness in Tables 2 and 3. 

Recurrent Brain Infarction 

The incidence of recurrent brain infarction was 1 1.9 
per 100 person-years of follow-up in patients with 
plaques >4 mm thick, as compared with 3.5 per 100 per- 
son-years in patients with plaques I to 3.9 mm thick, 
and 2.8 per 100 person-years in patients with no 
plaques (wall thickness, <1 mm) (Table 3). The three 
Kaplan-Meier curves (Fig. 1) were significantly differ- 
ent from one another (P<0.001) and remained so after 
stratification based on age (P = 0.0029). In the Cox 
model, the presence of aortic-arch plaques ^4 mm 
thick was an independent predictor of recurrent brain 
infarction (relative risk, 3.8; 95 percent confidence in- 
terval, 1.8 to 7.8; P = 0.0012) after adjustment for the 
presence of carotid stenosis, atrial fibrillation, peripher- 
al arterial disease, type of treatment, and other con- 
founding factors. 

All Vascular Events 

The incidence rates of all vascular events were 26.0, 
9.1, and 5.9 per 100 person-years of follow-up in pa- 
tients with plaque thicknesses of 2*4 mm, 1 to 3.9 mm, 
and <1 mm, respectively (Table 3). The three Kaplan- 
Meier curves (Fig. 2) were significantly different from 
one another (P<0.001) and remained so after stratifica- 

Table 2. Number of Events in the Study Patients 
According to Plaque Thickness in the Aortic Arch 
Proximal to the Ostium of the Left Subclavian 
Artery. 



Event 



Plaque Thickness (nun) 
<I 1-3.9 *4 

(N-143) (N-143) (N-45) 

no. of events 



Recurrent brain infarction 
Myocardial infarction 
Peripheral embolism 
All deaths 

After qualifying stroke 

Vascular cause (including sudden 
death) 

Unknown cause 

Nonvascular cause 

Myocardial infarction and sudden 
death 

Any vascular event* 



10 


11 


11 


3 


3 


6 


4 


4 


4 


35 


52 


23 


8 


14 


3 


12 


16 


14 


3 


1 


0 


12 


21 


6 


5 


13 


8 


21 


28 


23 



Table 3. Incidence of Events According to Plaque Thickness in 
the Aortic Arch Proximal to the Ostium of the Left Subclavian 
Artery. 



Plaque 
Thickness 

(nun) Recurrent Brain Infarction 



<1 

1-3.9 
S*4 



Any Vascular Event* 



YEARS OF NO. OF 

TOLLOW-UFt EVENTS 

359.3 10 
312.6 11 
92.4 11 



100 r 

YEARS OF 



100 

YEARS OF NO. OF YEARS OF 
FOUOW-UFt EVENTS FOUOW-UF 



2.8 

3.5 
11.9 



354.0 21 
308.2 28 
88.4 23 



5.9 
9.1 
26.0 



•Includes brain infarction, myocardial infarction, pe riph eral emb olism. 
and death from vascular causes. 



the total person-years of foUow-op in each category c*pla<rue thick- 
ness are due to censored dati at the tirne of the first even. 

tion based on age (P<0.001). The multivariate analysis 
showed that the presence in the aortic arch of plaques 
>4 mm thick was an independent predictor of new vas- 
cular events (relative risk, 3.5; 95 percent confidence in- 
terval, 2.1 to 5.9; P<0.001). In the multivariate analysis, 
atrial fibrillation (relative risk, 3.3; 95 percent confi- 
dence interval, 1.4 to 3.8; P= 0.0013) and carotid steno- 
sis of 70 percent or more (relative risk, 2.9; 95 percent 
confidence interval, 1.8 to 3.4; P = 0.0023) were also in- 
dependent predictors of new vascular events. 

Patients with Brain Infarction of Unknown Cause at Entry 

Of the 302 patients who had brain infarction of un- 
known cause at entry, those who had plaques s*4 mm 
thick in the aortic arch had a higher incidence of recur- 
rent brain infarction (16.4 per 100 person-years of fol- 
low-up) and of all vascular events (26.1 per 100 person- 
years of follow-up) than those who had plaques of 1 to 
3.9 mm or no plaques (P = 0.0066) (Table 4 and Fig. 3). 
After adjustment for age, sex, cigarette-smoking status, 
type of treatment, peripheral arterial disease, atrial fi- 
brillation, and carotid stenosis, the multivariate analy- 
sis showed that the presence in the aortic arch of 
plaques >4 mm thick was an independent predictor of 
both recurrent brain infarction (relative risk, 5.2; 95 
percent confidence interval, 1.7 to 15.6; P = 0.0042) and 
all vascular events (relative risk, 6.0; 95 percent confi- 
dence interval, 2.4 to 14.9; P<0.001). 

Discussion 

We found that patients with brain infarction and 
plaques 3*4 mm thick in the aortic arch had a recur- 
rence rate of 1 1.9 per 100 person-years of follow-up and 
an incidence of all vascular events of 26.0 per 100 per- 
son-years of follow-up. These incidence rates are among 
the highest reported in patients with ischemic stroke 
treated with antiplatelet drugs, including those with 
nonvalvular atrial fibrillation in the European Atrial 
Fibrillation Trial (10 percent per year for brain infarc- 
tion) 1 ' and those with uncorrected carotid stenosis of 
at least 70 percent in the North American Symptomat- 
ic Carotid Endarterectomy Trial (13 percent per year 
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Figure 1. Kaplan-Meier Analysis of Sumval wrthout Recurcerrt 
SSr Infarction, According to Plaque Thickness in the Aort.c 
^Proximal to the Ostium of the Left Subclavian Artery. 

for ipsilateral brain infarction). 18 Most of our patients 
also received antiplatelet therapy. This may have led to 
an underestimation of the natural rate of recurrence, 
but we thought it would be unethical not to treat these 
patients, since a 25 percent decrease in the rate of re- 
currence has been reported in patients with ischemic 
stroke related to atherosclerosis who are given antiplate- 
let drugs. 19 Among our patients with plaques *4 mm 
thick in the aortic arch, we found no significant miTer- 
ences in event rates between those receiving warfarin 
and those receiving aspirin, but few patients received 
warfarin, and our study was not designed as a thera- 
peutic trial. , 

The proportion of smokers at base line among the pa- 
tients with plaques of ^4 mm was remarkably high (Ta- 
ble 1), which contrasts with the weak association found 
between cigarette smoking and carotid atheroma in most 
epidemiologic studies. This result is consistent with the 
fact that peripheral arterial disease was more common 
in these patients than in the other two study groups. 
By contrast, we found no difference among our three 
eroups of patients with regard to hypertension or plas- 
ma cholesterol levels. One of the striking differences 
between our study and that of Tunick et al. M is that 
none of our patients had symptomatic bowel or retinal 
embolism, although we looked for both. This discrepan- 
cy is probably ascribable to differences in recruitment in 
the two series. The qualifying vascular event in all our 
patients was brain infarction, whereas it was embolism 
to any organ in the patients studied by Tunick et al. 
Only one of our patients with plaques &4 mm thick in 
the aortic arch had clinically evident cholesterol embo- 
lism with renal infarcts. This patient was not receiving 



Month 

Rgure 2. Kaplan-Meier Analysis of Survival wrmout Vascular 
infarction. Myocardial Infarction, Penphe ral Ern- 
bSm. or Death from Vascular Causes), According to Plaque 
TWckness in the Aortic Arch Proximal to the Ostium of the Left 
Subclavian Artery. 

warfarin. There have been anecdotal reports of choles- 
terol embolism with blue-toe syndrome in paoents with 
aortic atheroma treated with anticoagulants. 

In our study, multivariate analysis showed that the 
presence of plaques ^4 mm thick in the aortic arch was 
a predictor of recurrent brain infarction, independent- 
ly of the presence of carotid stenosis, atrial fibnllaoon, 
and peripheral arterial disease. The significant differ- 
ences among the Kaplan-Meier curves in the three study 
groups are additional evidence-supporting a causal link 
between plaques of this size and brain infarction in 
some patients. Such a link has been suggested by re- 
ports of systemic embolism in patients who had a 
stroke after a surgical procedure with cardiopulmonary 
bypass 5 - 22 " or after angiography. 25 - 26 In addition, sys- 

Table 4. incidence of Events in 102 Patients «*h Bnah infarc- 
tions of Unknown Cause, According to P aque mck^n the 
Aortic Arch Proximal to the Ostium of the Left Subclavian Artery. 



Thickness 
(mm) 


recurrent 


Brain 


Infarction 


any Vascular Event* 

incidence per 




PERSON- 
YEARS OF NO. OP 
FOLLOW-UPt EVENTS 


INCIDENCE PER 
100 PERSON- 
YEARS OF 
FOLLOW-UP 


PERSON- 
YEARS OF 
FOLLOW-UPt 1 


NO. OF 
JVENTS 


100 PERSON- 
YEARS OF 
FOLLOW-UP 


<1 

1-3.9 

*4 


116.0 
69.2 
4X6 


5 
1 
7 


43 

1.5 
16.4 


115.9 

69.1 
422 


6 
3 
11 


52 
43 
26.1 




s brain infarction 


, myocardial infarction, p 









tDifferences bcrWeen the total person-years of follow-up 
o«s art due to censored data at the nine of the first event 



! each category of plaque thick- 
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P = 0.0066 by log-rank test 



12 



24 

Month 



36 



48 




Month 



Swl^ Survival without: Recurrent Brain Infarction (Panel A) and Vascular Events (Panel B) in 102 Pa- 

tients with Qualifying Brain lnfarct.ons of Unknown Cause, According to Plaque Thickness in the Aortic Arch Proximal to the Ostium 

of the Left Subclavian Artery. 



termc embolism has been reported in patients with no 
detectable source of emboli other than aortic-arch ather- 
oma. ' - However, our study also showed that the 
presence in the aortic arch of plaques s*4 mm thick was 
a strong independent predictor of vascular events of all 
types, leading us to the conclusion that it is above all a 
good marker of severe generalized atherosclerotic dis- 
ease that could be used to select patients at high risk 
tor vascular events. 

Brain infarction of unknown cause accounts for one 
thkd of ischemic strokes in patients 60 years of age or 
older. The high risk of vascular events (recurrence of 
stroke and other events) in our patients of that age who 
had plaques of s*4 mm in the aortic arch may have im- 
portant implications for preventive therapy. The rela- 
tive benefits and risks of therapeutic interventions in 
these patients should now be evaluated. 

Appendix 

F ™? 5°"™"? institutions and investigators participated in the 
French Study of Aoruc Plaques in Stroke: Paris - Hopital Saint- 
Antoine, P.erre and Marie Curie University: Department of Neurology - 
p Amarcnco (principal investigator), O. Heinzlef, C. Lucasfand 
P^Touboul (cranial ultrasound study design), J.-L. Gerard, V Adrai, 
D. Rougemont, and M-G. Bousser; Department of Cardiology - A. Co- 
Z! ^°;P. rma P^ v "tigator), C. Chauvei, B. BenhaU^a, C. Albo, 

Grlnh^ r *~ Hos P^ « Universitaire de 

Grenoble: Siroiu Una - M Hommel (local principal investigator), 

aoc^r ■ L ; VCrCUCU; Departmmi ^C-W- B. BerWd 
local co-prmapal invesugator). Besancon - Centre Hospitalier et 
Universitaire de Besancon: Deportment of Neurology, Jean MinjvHospitoJ 
DeLt^TfC^ P^r^tor), D. Chavot, an'd L. Tatu; 
3?"?! °fCardwbQ, t Saint Jacques Hospital - Y. Bernard (local co - 

^ S^r Ug ^'' mt ~ CcntrC Hospitalier et Universitaire dc 
Ule: Department of Neurology, Robert Salengro Hospital — D. Leys (l^cal 



principal investigator), P Rondepierre, and C. Lucas; Department of 
Cardiology, Cardiology Hospital — L. Goulard (local co-principal inves- 
tigator), G. Deklunder, and E. Chamas. Dijon — Centre Hospitalier 
et Universitaire de Dijon: Department of Cardiology, Bocages Hospital — 
S. Falcon (local principal investigator) and J.-E. Wolf; Department of 
Neurology, General Hospital — M. Giroud. Echocardiography Reviews — 
Ariel Cohen (echocardiographic study design and review of all 
echocardiographic examinations), B. Bertrand, C. Chauvei, and 
Y. Bernard. Data Monitoring and Coordinating Center — P. Amarenco. 
Data Analysis — C. Tzourio, INSERM Unit6 360, Recherches Epide- 
miologiques en Neurologie et Psychopathologie, Paris. Authors — 
P Amarenco (principal investigator and study design), A. Cohen 
(co-principal investigator), M Hommel (study design), T. Moulin, 
D. Leys, and M.-G. Bousser. 
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